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(57) Abstract: COPYRIGHT: (C)1998.JPO 

PROBLEM TO BE SOLVED: To provide a semiconductor 
ligint emitting device, where holes provided to a 
sapphire substrate to make contact with a semiconductor 
layer are precisely formed making the semiconductor 
layer completely exposed without overetching the 
semiconductor layer, a current spreads uniformly, and 
the light emitting device is high enough in mechanical 
strength. 

SOLUTION: A light emitting device is composed of an 
insulating substrate 1, semiconductor layers 2 to 5 
laminated on the insulating substrate 1 to form a light 
emitting layer, an upper electrode 8 formed on the 
upside of the semiconductor layers, and a lower 
electrode 9 formed on the rear side of the insulating 
substrate 1 coming into contact with the lowermost layer 
of the laminated semiconductor layers 2 to 5 through the 
intermediary of holes 1c provided to the substrate 1, 
where the rear side of the insulating substrate 1 is 
terraced, and the holes 1c are provided to the 
thin-walled part of the terraced rear side of the 
insulating substrate 1 so as to make the semiconductor 
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* NOTICES 



Japan Patent Office is not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
\[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor light 
emitting device by which the laminating of the semiconductor layer is carried out and a luminous 
layer is formed on an insulating substrate. The electrode connected to the semiconductor layer of the 
lower part of the semiconductor layer by which a laminating is carried out in more detail is related 
with the semiconductor light emitting device formed in the rear-face side of an insulating substrate.. 
[0002] 

[Description of the Prior Art] When growing a semiconducting-crystal layer epitaxially, it may have 
to grow up on an insulating substrate from the relation of a lattice constant. For example, the 
CHITSU-ized gallium system compound semiconductor layer for blue system light emitting devices 
does not have a suitable semiconductor substrate to deposit a CHITSU-ized gallium system 
compound semiconductor layer, and grows epitaxially on a sapphire (aluminum2 03 single crystal) 
substrate. The basic structure of the semiconductor light emitting device of the blue system using this 
CHITSU-ized gallium system compound semiconductor crystal layer is stmcture as shown in 
drawing 5 . On silicon on sapphire 21, namely, for example, the low-temperature buffer layer 22 
which consists of GaN of n form, The n form layer 23 in which GaN grew epitaxially at the elevated 
temperature (clad layer), The barrier layer 24 which bandgap energy becomes from the material 
which becomes smaller than that of a clad layer, for example, an InGaN system (ratio of In and Ga is 
the same the following which means that it may change variously) compound semiconductor It 
consists of a p form layer (clad layer) 25 which consists of GaN of p form, and is formed by forming 
an electrode 29 in the front face of the n form layer 23 which the electrode 28 was formed in the 
front face the p side (upper part), ********** gj^^j g ^g^^ semiconductor. layer by which the 
laminating was carried out exposed the n side (lower part). 

[0003] With this structure, in order to form the lower electrode 29, it**********s and a part of 
semiconductor layer by which the laminating was carried out must be removed. Moreover, even 
when carrying out bonding on a bonding pad or a substrate like an erector, the rear face of silicon on 
sapphire 21 is insulation, and must carry out wirebonding by the gold streak etc. between a bonding 
pad and the lower electrode 29. in order to cancel such un-arranging, as a cross section is shown in 
drawing 6 (a) - (b), the low-temperature buffer layer 22 of n form is exposed from the rear face of 
silicon on sapphire 21 — as — contact — a hoie — preparing — the hole — inside .— an electrode — 
public funds the thing of structure which forms the lower (n side) electrode 29 in the rear-face side 
of silicon on sapphire 21 is also known by carrying out the vacuum evaporationo of the group 
drawing 6 (a) — contact — it is the example in which about (for example, about 150-750 
micrometers) 70 - 80% of big hole of length (for example, about 0.2-lmm) whose diameter of a hole 
is one side of a chip is established, and' drawing 6 (b) indicates the example in which a small hole is 
established to be about [ that the diameter of a hole is one side of a chip / of length ] 1/100 (for 
example, about 2-10 • 
[0004] 

[Problem(s) to be Solved by the Invention] the above-mentioned silicon on sapphire — contact — 
although it is carried out by dry etching using chlorine gas -when forming a hole, sapphire is very 
hard and it is hard to ********** in order that this silicon on sapphire may maintain the intensity of 



an element - about 50-100 micrometers - thick — this thick silicon on sapphire — contact of the 1/10 
or less-about diameter of the thickness — it is very difficult to prepare a hole And a semiconductor 
layer has an etching rate very larger than silicon on sapphire, and it is difficult to control so that 
silicon on sapphire does not remain but a semiconductor layer is exposed exactly. Therefore, there is 
a problem of some sapphire remaining or etching too much to a semiconductor layer, moreover, 
contact small to thick silicon on sapphire ~ current concentrates near the hole and forming many 
holes has the problem that it does not shine uniformly, when it is difficult and there are few holes 
[0005] contact with the above-mentioned big on the other hand — when a hole is prepared in silicon 
on sapphire, the great portion of silicon on sapphire will be lost, the semiconductor layer thickness 
by which a laminating is carried out all comes out, since it is about 1-5 micrometers, the mechanical 
strength of an element becomes very weak and there is a problem of damaging an element, in the 
time of cutting from a wafer for each chip, and the case of [ like an erector ] 
[0006] It aims at offering the semiconductor light emitting device which may be formed so that a 
mechanical strength may also fiilly be obtained, while it is precisely formed so tliat a semiconductor 
layer may be [ the hole prepared in an insulating substrate in order to have been made in order that 
this invention might solve such a problem, and to take a semiconductor layer and contact ] 
completely exposed and a semiconductor layer may not be |qq niuch, and current 

moreover spreads uniformly. 
[0007] 

[Means for Solving the Problem] The semiconductor layer by which a laminating is carried out that 
. the semiconductor light emitting device by this invention should form a luminous layer on an 
insulating substrate and this insulating substrate, It is the semiconductor light emitting device which 
consists of a lower electrode prepared in the rear-face side of this insulating substrate through a hole, 
the up electrode formed in the upper surface of this semiconductor layer, and the contact prepared in 
the aforementioned insulating substrate - the contact in which the aforementioned insulating 
substrate makes the closing-in portion of the aforementioned insulating substrate which the level 
difference was prepared and was made thin by this level difference expose a semiconductor layer to 
the rear-face side — the hole is prepared the substrate section which became thin by making it this 
structure — contact — since a hole can be formed — contact of a small path ~ a hole can be prepared 
precisely therefore, the contact of a big configuration which removes an insulating substrate [ the 
latus range ] - a luminescence property is also highly maintainable, while not making it a hole and 
fiilly obtaining a mechanical strength 

[0008] the aforementioned closing-in portion prepares in the core side of the chip of the 
aforementioned semiconductor light emitting device — having — the aforementioned contact — while 
fiilly maintaining a mechanical strength around a chip by preparing two or more holes — contact — a 
hole can be formed in large numbers in the latus range, and one-point concentration of current can be 
avoided 

[0009] Luminous efficiency can be raised that current tends to spread for the whole chip by 
preparing the aforementioned up electrode in the periphery section side of the chip of the 
aforementioned semiconductor light emitting device, and preparing a lower electrode in the core of a 
chip, preparing the aforementioned closing-in section in the periphery section side of the chip of the 
aforementioned semiconductor light emitting device, and preparing the aforementioned up electrode 
in the core side of the aforementioned chip. 
[0010] 

[Embodiments of the Invention] Next, the semiconductor light emitting device of this invention is 
explained, referring to a drawing. Cross-section explanatory drawing of 1 operation gestalt of the 
semiconductor light emitting device of this invention by which the laminating of the CHITSU-ized 
gallium system compound semiconductor layer suitable for for example, blue system luminescence 
is carried out on silicon on sapphire, and its bottom plan view are shown in drawing 1 . 
[001 1] A CHITSU-ized gallium system compound semiconductor is III here. The compound of Ga 
of a group element, and N of V group elemeifit, or III III of others [ Ga / of a group element / a part 
of], such as aluminum and In, The semiconductor which consists of a compound which a part of N 
of the thing replaced by the group element and/or V group element replaced by other V group 
elements, such as P and As, is said. 



[0012] As the semiconductor light emitting device of tliis invention is shown m drawing 1 , tlie 
laminatii ig of the semiconductor layers 2-5 which form a luminous layer m the front face of an 
insulating ?iibstrate 1 which consists of sapphire (aluminum2 03 single crystal) etc. is carried out, 
and the up electrode (p lateral electrode) 8 is formed in the semiconductor layer by the side ot the 
front face through the diffusion metal layer 7. moreover, the contact to which the crevice of a small 
path is formed in an insulating, substrate 1 one by one of etching gradually from the rear face from 
the crevice of a big path, the level difference is prepared in it, and a semiconductor layer is exposed 
into the closing-in portion of the insulating substrate 1 by the level difference -- a hole -- Ic is 
prepared and the thing established for a metal membrane in the crevice prepared stair-like -- contact 
of a small path -- a hole the lower electrode (n lateral electrode) 9 which connects with the 
semiconductor layer exposed by Ic electrically is formed small contact of this path -- a hole -- Ic 
enlarges area to which the lower electrode 9 contacts a semiconductor layer by preparing more than 
one, as shown in drawing 1 (b) 

[GO 1 3] The low-temperature buffer layer 2 which consists of GaN deposits about 0.0 1 -0.2 
micrometers of semiconductor layers by which a laminating is carried out on an insulating substrate 
1. Subsequently, the n form layer 3 used as the clad layer of n form deposits about 1-5 micrometers. 
Furthermore, the material to which bandgap energy becomes smaller than that of a clad layer, The 
barrier layer 4 which consists of an InGaN system compound semiconductor For example, about 
0.05-0.3 micrometers. About 0.2-1 micrometer (clad layer) of p form layers 5 which consist of 
AlGaN system (ratio of aluminum and Ga is tiie same the follpwirig which means that it may change 
variously) compound semiconductor layer 5a of p form, and GaN layer 5b is constituted by carrying 
out a laminating one by one, respectively. In addition, the p form layer 5 is because it is desirable 
that the layer which contains aluminum from the point of the locked-in effect of a carrier is prepared 
although it is the double layer of AlGaN system compound semiconductor layer 5a and GaN layer 
5b, and only a GaN layer is. Moreover, an AlGaN system compound semiconductor layer can be 
prepared also in the n form layer 3, and you may make it a double layer, and these can also be 
formed in other CHITSU-ized gallium system compound semiconductor layers. Furthermore, 
although it is the double heterojunction structure where the barrier layer was pinched in n form layer 
and p form layer, in this example, the thing of the pn junction strucmre joined directly is sufficient as 
n form layer and p form layer. 

[0014] As for the diameter B of crevice la big No. 1 in which etching is given to after the thickness 
is set to about 100 micrometers, and an insulating substrate 1 is formed first, the depth F is formed m 
about 70 micrometers for size [ of one side ] A of a chip by about 150-750 micrometers to 0.2- 1mm. 
Moreover, as for 2nd crevice lb, depth G from the bottom of the 1st step of hole is formed in about 
20 micrometers for the diameter C by about 100-500 micrometers, and the contact formed smallest ~ 
a hole - as for the depth H, the diameter D of Ic is about 10 micrometers by the thickness in which 
the insulating substrate 1 remains by about 2-10 micrometers namely. Crevices la and lb or contact 
- a hole - the closing-in section of the insulating substrate 1 which the level difference by the 
crevice was formed and was made thin so that the depth of etching to the path of Ic might not 
become extremely large - contact - a hole ~ Ic is formed 

[0015] the closing-in section of the insulating substrate 1 which the level difference by the crevice 
where the semiconductor light emitting device of this invention becomes small with steps in this way 
when the lower electrode 9 is formed in the rear- face side of an insulating substrate 1 was formed, 
and became thin - small contact of a path - a hole ~ Ic is prepared Therefore, it becomes 
comparatively easy to control [ of near and etching ] the depth in which it **********s, and the 
diameter of the etching section. Consequently, the front face can be exposed, without giving a 
damage to a weak semiconductor layer to etching, **********ing the insulating substrate 1 which 
etching cannot carry out easily. 

[0016] moreover, it is shown in drawing 1 (b) ~ as ~ contact ~ a hole - since it is easy to spread m 
the whole without current's concentrating in part by preparing much Ic, uniform luminescence is 
obtained moreover, contact of a small path ~ a hole ~ since it is held by the insulating substrate 1 
without exposing in a big area which the semiconductor layer followed by preparing much Ic, it 
does not damage at the time of cutting to each chip from a wafer, and the handling like an erector, 
and handling becomes very easy 



[0017] It explains refemng to drawing 2 next about the example of the process of a semiconductor 
light emitting device shown in drawing 1 . ^ 
[0018] As shown in drawing 2 (a), on the insulating substrate 1 which consists of sapphire first, by - 
the organic metalization study vapor growth (the MOCVD method) H2 of carrier gas SiH4 as dopant 
gas in the case of making it growth gas and n forms, such as a TORIME dust gallium (TMG) and 
ammonia (NH3), it supplies, etc. -- About 1-5 micrometers (clad layer) of n fomi layers 3 of n form 
are formed for the low-temperature buffer layer 2 which consists of a GaN layer by about 0.01-0.2 
micrometers and the same composition. Furthermore dopant gas is stopped and about 0.05-0.3 
micrometers of barrier layers 4 which supply triraethylindium (henceforth TMIn) and consist of an 
InGaN system compound semiconductor are formed. Subsequently, reactant gas is made into a 
trimethylaluminum (henceforth TMA) from TMIn, magnesium cyclopentadienyl (henceforth Cp2 
Mg) or dimethyl zinc (DMZn) is introduced as dopant gas, about 0.1-0.5 micrometers of TMA(s) are 
intercepted for AlGaN system compound semiconductor layer 5a of p form further again, about 0.1- 
0.5 micrometers GaN layer 5b ofp form is formed, and the pforai layer 5 is formed. . 
[0019] Next, as shown in drawing 2 (b), an insulating substrate 1 is made into the back sense, a resist 
film (not shown) is prepared, and patterning is carried out so that a diameter may serve as opening 
which is about 250 micrometers in the core of each chip (a length of one side is about 350 
micrometers). And reactant gas, such as chlorine gas, is mixed in inert gas, such as an argon, and 
only a depth of about 70 micrometers etches by reactive ion etching. This etching ********* *s in 
about 70% of the insulating substrate 1 with a thickness of about 100 micrometers, moreover, since 
the precision of the etching depth is not so strict, can be performed by the ability making acceleration 
voltage high and carrying out etching speed early, and can perform it in about 30 - 300 hours. 
Consequently, crevice 1 a is formed in the core of a chip. 

[0020] By preparing a resist film (not shown) in the rear face of an insulating substrate 1 again, 
carrying out patterning next, so that a diameter may serve as opening which is about 200 
micrometers in the core of 1st crevice la, and performing same reactive ion etching, as shown in 
drawing 2 (c), 2nd crevice lb is formed in a depth (G of drawing 1 ) of about 20 micrometers. Since 
etching in this case is not so strict, either, the depth makes etching speed quick and performs it. 
[0021] Then, patterning is carried out so that a resist film (not shown) may be again prepared in the 
rear face of an insulating substrate 1 and opening with a diameter of about 5 micrometers may be 
equally prepared in the base of 2nd crevice lb. the contact which the low-temperature buffer layer 2 
exposes as shown to drawing 2 (d) by by performing the same reactive ion etching as the insulating 
substrate 1 which remained in the thickness of about 10 micrometers at the bottom of 2nd crevice lb 
- a hole - Ic is formed If the semiconductor layer which the sapphire which is an insulating 
substrate 1 is lost and consists of GaN is exposed, since it is easy for a semiconductor layer to 
********** quickly, in this etching, acceleration voltage will be made low, for example, it will etch 
at the rate of about 0.01 micrometers/minute. 

[0022] Then, by forming the diffusion metal layer 7 whose thickness is about 2-lOOnra, carrying out 
the vacuum evaporationo of Ti and the Au fiirther, and carrying out patterning, the vacuum 
evaporationo of nickel and the Au is carried out to the front face of the semiconductor layer by 
which the laminating was carried out as shown in drawing 1 , the up electrode 8 is formed, further, 
the vacuum evaporationo of Ti and the Au is carried out to the rear face of an insulating substrate 1, 
and the lower electrode 9 is formed in it. Subsequently, the chip of a semiconductor light emitting 
device is formed by taking a break for each chip. 

[0023] The example shown in drawing 3 is a modification of drawing 1 , and the up electrode 8 is 
formed in the periphery section instead of a core of a chip. If both the up electrode 8 and the lower 
electrode 9 are formed in the core of a chip as shown in drawing 1 , the current path of the barrier- 
layer 4 section used as a luminous layer will concentrate on a core, current cannot flow easily 
around, and it will be hard to carry out luminescence on the whole chip surface. However, as shown 
in drawing 3 , luminous efficiency improves that current tends to spread for the whole chip by 
forming the up electrode 8 along with the periphery of a chip, and forming the lower electrode 9 m 
the core of a chip. 

[0024] Drawing 4 is other examples of structure which extend a current path for the whole chip like 
drawing 3 , forais the up electrode 8 in the core of a chip, and forms the lower electrode 9 in the 



periphery section of a chip, namely, the thing to ********** in the insulating substrate 1 of the 
periphery section of a chip — a level difference — forming - the closing-in section of the periphery 
pection ~ contact ~ a hole ~ Ic is prepared It spreads in order to flow like the example of drawing 3 
in the direction in which current crosses a chip, even if it makes it this structure, and it is easy to emit 
light with the whole chip, in this case, the contact prepared in the periphery section — a hole ~ Ic can 
also prepare equally many things of a small path as shown in drawing 1 , and can also prepare them 
in the circumference of a chip in the shape of a ring by narrow width of face Since slicing of the rear 
face of an insulating, substrate 1 is carried out (a line is put in with a diampnd pen) and it is earned 
out by the ***** * method when carrying out cutting separation from a wafer at each chip, if the 
insulating substrate 1 is thin in the periphery section of a chip, the work separated into each chip 
from a wafer will become easy like this example. 
[0025] • 

[Effect of the Invention] According to this invention, the semiconductor light emitting device by 
which the laminating of the semiconductor layer is carried out on a stiff insulating substrate like 
silicon on sapphire can also prepare one electrode in a rear-face side, without [ without it weakens 
substrate intensity, and ] spoiling the homogeneity of luminescence. Therefore, the semiconductor 
light emitting device which was excellent in the property is obtained, being able to carry out direct 
bonding on substrates, such as a leadframe, and being simplified very much like an erector. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not.reflect the original 
precisely. 

2. **** shows the .word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the contact in which are the semiconductor light emitting device characterized by 
providing the following, and the aforementioned insulating substrate makes the closing-in portion of 
the aforementioned insulating substrate which the level difference was prepared and was made thin 
by this level difference expose a semiconductor layer to the rear-face side ~ the semiconductor light 
emitting device to which it comes to prepare a hole Insulating substrate. The semiconductor layer by 
which a laminating is carried out that a luminous layer should be formed on this insulating substrate. 
The up electrode formed in the upper surface of this semiconductor layer, it prepares in the rear-face 
side of the aforementioned insulating substrate — having.— contact of this substrate — the lower 
electrode connected to the lower layer section of the aforementioned semiconductor layer by which a 
laminating is carried out through a hole 

[Claim 2] the aforementioned closing-in portion prepares in the core side of the chip of the 
aforementioned semiconductor light emitting device ~ having ~ the aforementioned contact — the 
semiconductor light emitting device according to claim 1 to which it comes to prepare two or more 

holes 

[Claim 3] The semiconductor light emitting device according to claim 2 which comes to prepare the 
aforementioned up electrode in the periphery section side of the chip of the aforementioned 
semiconductor light emitting device. 

[Claim 4] The semiconductor light emitting device according to claim 1 which the aforementioned 

closing-in section is prepared in the periphery section side of the chip of the aforementioned 
semiconductor light emitting device, and comes to prepare the aforementioned up electrode in the 
core side of the aforementioned chip. 



[Translation done.] 



